Human adenovirus (Ad)-encoded early region 1A (ElA) tumor (T) antigens have been implicated in the positive regulation of viral early genes, the positive and negative regulation of some cellular genes, and cell immortalization and transformation. To further study the Ad ElA T antigens and to facilitate their purification, we The human adenoviruses (Ad) are excellent models to study the molecular biology of human cells and the molecular basis of cell transformation (1). Adl to Ad3l form five groups (A-E), based on DNA homology measurements (2). The transforming genes of groups A, B, and C Ads map in early region 1 (El) located in the left 1-11% of the viral genome. El comprises two transcription units, ElA and E1B, and encodes tumor (T) antigens, which perform different functions in the transformation process (reviewed in ref.
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ElA expresses two early mRNA species of 13 S and 12 S. Although T antigens encoded by both species appear to be required for cell transformation (4) (5) (6) (7) (8) (9) , recent studies suggest that the 12S mRNA-encoded T antigen plays a major role in cell immortalization and transformation (8) (9) (10) . The T antigens encoded by ElA 13S mRNA and 12S mRNA are regulatory proteins that activate the expression of viral early genes (11, 12, 26) and some cellular genes (13) (14) (15) , and thus are models to understand eukaryotic gene regulatory mechanisms.
The ElA T antigens encoded by Adl2 are of particular interest. Adl2, a member of the highly oncogenic group A Ads, rapidly induces tumors in newborn hamsters (16, 17, 27) . A T antigen product of the Adl2 ElA 13S mRNA appears to suppress the expression of class I transplantation genes, providing a possible explanation for the high tumorigenicity of Adl2-transformed cells (18, 19) . Suppression of class I antigen synthesis by Adl2 13S mRNA expression is exerted at the cellular mRNA level, and can be reversed by the expression of Ad5 ElA 13S mRNA (19) . This (20) . The 13S mRNA encodes a T antigen of 266 amino acids, and the 12S mRNA encodes a T antigen of 235 amino acids; they differ only in the internal 31 amino acids unique to the 13S mRNA.
The starting points for the constructions of pAd418 and pAd416 are cDNA clones 11 and 44 which encode the Adl2 EMA 13S and 12S mRNAs, respectively (20) . An Adl2 5' DNA segment encoding an NH2-terminal amino acid sequence common to the 13S and 12S mRNAs was subcloned from Ad12 cDNA (clone 11) to form pAdl4. A segment of this fragment (n498 to n751) was fused to the tac promoter in a triple ligation to yield pAd400 (Fig. 1 ). This construct contains the Adl2 initiation codon positioned 9 base pairs downstream of the Shine-Dalgarno sequence. The pAd418 expression plasmid containing the cDNA copy of the Adl2 13S mRNA (clone 11) was constructed using the 3' segment of the cDNA of the 13S mRNA (Fig. 1) . The pAd416 expression plasmid containing the cDNA copy of the Adl2 12S mRNA (clone 44) was constructed using the 3' segment of the cDNA of the 12S mRNA ( Fig. 1 ). (28) and subjected to automated sequential Edman degradation for seven cycles. As shown in Fig. 2 , radioactivity was found at amino acid residues one and five, as predicted by the DNA sequence (29) . Thus the Mr 47,000 protein appears to contain the same NH2 terminus as do the Adl2 ElA T antigens.
Two-Dimensional Gel Electrophoresis. The Ad ElA T antigens characteristically possess highly acidic isoelectric points (2, 5, 25, (30) (31) (32) (33) (34) . To further characterize the proteins synthesized in the transformed E. coli cells, we analyzed by two-dimensional gel electrophoresis the [35S]methionine-labeled cell extracts. A highly acidic protein was detected in E. coli cells transformed by pAd418 (Fig. 3B) and pAd416 (Fig.  3C ) that were induced by IPTG but not in untransformed E. coli (Fig. 3A) (Fig. 4) . The minor Mr 27,000 protein band could represent a truncated T antigen synthesized by initiation at an internal AUG, or a proteolytic breakdown product. The specificity of immunoprecipitation was demonstrated by the complete inhibition of immunoprecipitation of the Mr 47,000 T antigen by peptide 204 but not by an unrelated peptide (peptide 19) (Fig. 4 (Fig. 5, experiment A) and by pulse labeling for 5 min followed by a" chase with unlabeled methionine (Fig. 5, experiment B) . Immunoprecipitation analysis was performed from S to 60 mifi after the addition of radioactive methionine. Similar,results were found by both labeling protocols (Fig. 5) . From,6% to 8% of the total labeled protein was immunoprqcipitated after 5-30 min of labeling or pulse-chase; the g~,mount -of immunoprecipitated protein decreased slightly to Mo 6% after 60 min of continuous labeling or pulse-chase. As shown in the gel autoradiograms in Fig. 5 , virtually all of the immunoprecipitated protein corresponds to the Mr 47,000 T antigen. Similar results were found with the Adl2 T antigen synthesized in E. coli PR13 transformed by pAd416.
Purification of the Adl2 ElA T Antigens to Near Homogeneity. The Adl2 ElA T an'tigen synthesized in E. coli cells transformed by pAd418 -was purified by using two approaches: the procedure of B. Briefly, cells were lysed with lysozyme, centrifuged, and the pellet was extracted sequentially with NaCI/deoxycholate, octylglucopyranoside, and potassium thiocyanate. Aliquots of fractions were analyzed by NaDodSO4/polyacrylamide gel electrophoresis and stained with Coomassie blue. Lanes 1 to 3 are the proteins in the lysozyme supernatant, NaCl/deoxycholate extract, and octylglucopyranoside extract, respectively. The remaining pellet was extracted with potassium thiocyanate, and purified by batch elution from a 1-ml DEAE-Sephacel column. Lane 4 is the potassium thiocyanate extract before the DEAE-Sephacel column. Lane 5 is the fraction eluted with the first 3 ml of 0.5 M KC1 from DEAE-Sephacel. Lane 6 represents the next 2-ml fraction.
tography. Fig. 6 Jones'et al. (36) have reported that coinjection into Xenopus oocytes of an Ad5 E3.promoter fused to the chloramphenicol acetyltiansferase (CAT) gene resulted in the stimulated production of the CAT protein product, and Ferguson et al. (35) reported that the purified Ad2-Ad5 ElA T antigen produced in E. coli could substitute for the ElA plasmid in this Xenopus oocyte assay. However, this assay does not directly measure transcription or promoter function. Considering the promiscuous transcription observed with adenovirus early genes in Xenopus oocytes (36) , it is conceivable that the observed stimulation represents a post-transcriptiQnal or post-translational effect. Further studies are needed to define precisely the biochemical nature of the biological functions encoded by the Ad ElA T antigens.
